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© Accoustlc isolator 



© An acoustic isolator includes a first piezoelectric 
device 14 and a second piezoelectric device 16 
acoustically coupled through and electrically isolated 
by a circuit board 12. This provides electric isolation 
with relatively high power transfer efficiency in a 
small and inexpensive package. 
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Field of the Invention 

The present invention relates, in general, to 
semiconductor devices, and more particularly, to 
isolator devices. 

Background of the Invention 

In electronics it is sometimes necessary to 
electrically isolate electronic devices which must 
nevertheless interact with one another. Convention- 
ally this has been accomplished through the use of 
photovoltaic array optical isolators or pulse trans- 
formers. A cross section of a representative 
photovoltaic isolator 29 is shown in FIG. 1. Typi- 
cally, an input signal is introduced to input lead 30. 
Input lead 30 is coupled, via wire bond 32. to 
photovoltaic device 34. Photovoltaic device 34 con- 
verts the electrical energy from input lead 30, into 
optical energy, represented by arrow 36. The op- 
tical energy is received by photovoltaic device 38. 
Photovoltaic device converts the optical energy 
back into electrical energy, and provides the elec- 
trical signal to output lead 40, via wirebond 42. 
Consequently, a first circuit coupled to input lead 
30 can interact with a second circuit coupled to 
output lead 40, while the two circuits are neverthe- 
less electrically isolated from one another. This 
device, as shown, is packaged as a typical, plastic 
encapsulated dual in-line package. 

Isolators must meet regulatory parameters 
when used in some applications. For example, the 
isolation barrier distance, the distance 44 between 
the photovoltaic devices 34 and 38 must be at least 
0.4 millimeters. The internal creepage, the shortest 
distance along a non-bonded internal seam from 
one side to the other, represented by dotted line 
46, must be' at least 4.0 millimeters. The external 
creepage. the shortest distance along the external 
edge of the package between the isolated leads, 
represented by dotted line 48, must be at least 8.0 
millimeters. The external clearance, the straight-line 
distance between the isolated leads must be at 
least 8.0 millimeters. The input/output isolation 
withstand voltage must be at least 3750 volts rms. 
The isolation resistance at 500 Volts DC must be 
10E-12 amps. It is difficult to meet these regulatory 
parameters in a small and efficient package. 

Photovoltaic isolators such as that represented 
in FIG. 1 have the significant disadvantage of being 
relatively expensive, and having very low power 
transfer ability and efficiency. A typical optical 
isolator transfers only about 1 microwatt. 

Additionally, pulse transformers have been 
used to electrically isolate individual components. 
However, small pulse transformers are not available 
to meet regulatory requirements. Additionally, pulse 
transformers are very expensive. These pulse 



transformers are also too large for some uses and 
they are not easily integrated into some electronic 
circuitry. 

Consequently it is desirable to have an isolator 
5 with high power transfer efficiency, small size, low 
cost, and which meets regulatory requirements. 

Brief Description of the Drawings 

70 FIG. 1 is a cross section side view representing 
a prior art optical isolator device; 
FIG. 2 is a cross-sectional side view represent- 
ing an acoustic isolator device; and 
FIG. 3 is a cross-sectional side view represent- 

75 ing an acoustic isolator device. 

Detailed Description of the Drawings 

According to one embodiment of the present 

20 invention, an acoustic isolator device is provided by 
using a circuit board as an acoustical medium 
between two piezoelectric devices. The circuit 
board provides an acoustical medium as well as 
electric isolation between the two piezoelectric de- 

25 vices. A preferred embodiment of the present in- 
vention provides a small and inexpensive isolator 
that is able to achieve relatively high power effi- 
ciency in a small and easy to produce package. 
Also, the embodiment is easily designed to meet 

30 regulatory requirements. 

Turning now to the figures for a more detailed 
description of the preferred embodiments of the 
present invention, FIG. 2 is a cross-sectional side 
view representing an acoustic isolator device. FIG. 

35 2 shows an acoustic isolator device 10. In this 
embodiment the acoustic isolator device 10 has a 
circuit board 12. This circuit board can be made 
from ceramic material such as titanium oxide, flex 
board such as polyimide, or alumina. The isolator 

40 10 also has a first piezoelectric device 14 and a 
second piezoelectric device 16. The first piezoelec- 
tric device 14 is mounted on a first side 18 of 
circuit board 12. The second piezoelectric device 
16 is mounted on a second side 20 of circuit board 

45 12. The mounting may be accomplished with an 
adhesive such as Speed Bonder™ 324 manufac- 
tured by Loctite Corporation. These piezoelectric 
devices may comprise any piezoelectric material 
15 between two electrical contacts 17 and 19. The 

so electrical contacts can be plated or sputtered upon 
the piezoelectric material. The mounting of the first 
piezoelectric device 14 and the second piezoelec- 
tric device 16 on opposite sides of circuit board 12 
provides electric isolation and an acoustical cou- 

55 pling medium between the first and second piezo- 
electric devices. The thickness 22 of the circuit 
board determines the isolation barrier distance be- 
tween the piezoelectric devices 14 and 16. To 
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meet regulatory parameters on isolation barrier dis- 
tance the circuit board can be made to have a 
thickness 22 of at least 0.4 millimeters. 

This embodiment also has an input circuit 24. 
The input circuit is electrically connected to leads 5 
1 1 through wire bonds 13. In one embodiment the 
input circuit 24 contains an oscillator with a fre- 
quency equal to a resonant frequency of the piezo- 
electric devices 14 and 16. Optimally, the fre- 
quency used is a resonant frequency for thickness w 
mode oscillation of the piezoelectric devices 14 
and 16. It will be understood that thickness mode 
oscillation provides for the most efficient power 
transfer through the circuit board 12. 

The input circuit 24 is electrically connected to ;s 
the first piezoelectric device 14 through wire bond 
25 and traces 27. Likewise, the second piezoelec- 
tric device 16 is electrically connected to a output 
circuit 26 through wire bond 29 and traces 31 . The 
output circuit is electrically connected to lead 33 20 
through wire bond 35. It will be recognized by 
those skilled in the art that the output circuit 26 can 
contain a variety of different types of devices for 
which this isolator device provides isolation. For 
example, the output circuit could contain a rectify- 25 
ing voltage regulator for use as a isolated DC/DC 
converter. The output circuit could also contain a 
FET drive circuit. The output circuit could also 
contain FETs for use as a solid state relay. The 
acoustic isolator device 10 also comprises encap- 30 
sulating material 28 encapsulating the circuit board 
and the first and second piezoelectric devices. The 
encapsulating material 28 can be any of the encap- 
sulating materials, such as epoxy, that are well 
known in the art. 35 

It will be understood by those skilled in the art 
that the piezoelectric devices must be free to phys-. 
ically oscillate within the package. That is to say, 
there must be a slight amount of open space 
separating the piezoelectric devices from the en- 4o 
capsulating material 28. Consequently, prior to 
molding, a die coat 30 is applied between the 
piezoelectric devices and the encapsulating ma- 
terial. As will be recognized, the die coat 30 is 
extremely thin relative to encapsulating material 28 4s 
and piezoelectric devices 14 and 16 and therefore 
is not shown as a separate detail in the figure. The 
use of the die coat in manufacturing creates a gap 
between the encapsulating material 28 and the 
piezoelectric devices 14 and 16 in which the piezo- so 
electric devices can oscillate. There are several 
other ways to provide the gap for the piezoelectric 
devices 14 and 16. For example, a preformed die 
cap could be placed between the piezoelectric 
devices 14 and 16 and the encapsulating material 55 
28. 

Turning now to FIG. 3, FIG. 3 is a cross sec- 
tional side view representing an acoustic isolator 



device. To meet regulatory parameters the device 
10 is designed and encapsulating material 28 is 
molded such that the external creepage, indicated 
by dotted line 50, the shortest distance around 
encapsulating material 28 between leads 33 and 
1 1 , is greater than 8 millimeters. Additionally, the 
acoustic isolator device 10 is designed such that 
internal creepage path, the distance along a non- 
bonded seam between isolated sides, meets regu- 
latory parameters that require at least 4 millimeters 
of internal creepage. In this embodiment the input 
circuit to output lead internal creepage, indicated 
by dotted line 52, and the output circuit to input 
lead internal creepage, indicated by dotted line 54, 
are both greater than 4 millimeters. The acoustical 
isolator device is designed such that external clear- 
ance 56, the straight-line distance between leads 
11 and 33, meets regulatory parameters that re- 
quire 8 millimeters of external clearance. Addition- 
ally, it will be recognized that regulatory param- 
eters such as an isolation resistance of 10E-12 
amps at 500 volts and input/output isolation with- 
stand voltage of 3750 volts may be met using this 
embodiment. 

By now it should be recognized that an acous- 
tical isolator device has been provided that pro- 
vides the advantages of a high power transfer 
efficiency, a low cost, a small size, and can be 
easily adapted to meet regulatory requirements. 
For example, this embodiment can have 10,000 
volts rms isolation voltage while providing 100 mil- 
liwatts power transfer at 50% efficiency. 

While the invention has been particularly 
shown and described with reference to the pre- 
ferred embodiments thereof, it will be understood 
by those skilled in the art that the foregoing and 
other changes to the form and detail may be made 
therein without departing from the spirit and scope 
of the invention. 

Claims 

1. An acoustic isolator device (10) comprising: 

an acoustical medium circuit board (12) 

having a first side (18) and a second side (20); 
an input circuit (24) attached to the first 

side (18) of the acoustical medium circuit 

board (12); 

an output circuit (26) attached to the sec- 
ond side (20) of the acoustical medium circuit 
board (12); 

a first piezoelectric device (14) attached to 
the first side (18) of the acoustical medium 
circuit board (12) and electrically connected to 
the input circuit (24); 

a second piezoelectric device (16) at- 
tached to the second side (20) of the acous- 
tical medium circuit board (12) and electrically 
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connected to the output circuit (26); and 

wherein the first and second piezoelectric 
devices (14, 16) are acoustically coupled 
through the acoustical medium circuit board 
(12). 

2. The isolator as in claim 1 further comprising an 
encapsulating material (28), encapsulating the 
acoustical medium circuit board (12). 

3. The isolator as in claim 2 further comprising 
die coat between the first piezoelectric device 
(14) and the encapsulating material (28), and 
die coat (30) between the second piezoelectric 
device (16) and the encapsulating material 
(28). 

4. An acoustic isolator package (10) comprising: 

an acoustical medium circuit board (12) 
having a first side (18) and a second side (20); 

a first piezoelectric device (14) attached to 
the first side (18) of the acoustical medium 
circuit board (12); 

a second piezoelectric device (16) at- 
tached to the second side (20) of the acous- 
tical medium circuit board (12) and acoustically 
coupled to the first piezoelectric device (14) 
through the acoustical medium circuit board 
(12); and 

encapsulating material (28) encapsulating 
the acoustical medium circuit board (12) and 
the first and second piezoelectric devices (14, 
16). 

5. The package as in claim 4 further comprising 
die coat (30) between the first piezoelectric 
device (14) and the encapsulating material 
(20), and die coat (30) between the second 
piezoelectric device (14) and the encapsulating 
material (28). 

6. The package (10) as in claim 4 wherein exter- 
nal creepage (15) is not less than 8 millime- 
ters. 

7. The package as in claim 4 wherein internal 
creepage (52) is not less than 4 millimeters. 

8. An acoustic isolator device (10) comprising: 

a circuit board (12) having a first side (18) 
and a second side (20); 

a first piezoelectric device (14) attached to 
the first side (18) of the circuit board (12); 

a second piezoelectric device (16) at- 
tached to the second side (20) of the circuit 
board (12); 

an input circuit (24) comprising an oscilla- 
tor with a frequency equal to a resonant os- 



cillation frequency of the first and second pi- 
ezoelectric devices (14, 16), the input circuit 
(24) attached to the first side (18) of the circuit 
board (12) and electrically connected to the 

5 first piezoelectric device (14); 

an output circuit (26) attached to the sec- 
ond side (20) of the circuit board (12) and 
electrically connected to the second piezoelec- 
tric device (16); and 

io encapsulating material (28) encapsulating 

the circuit board (12) and the first and second 
piezoelectric devices (14, 16). 

9. An acoustic isolator device (10) comprising: 
rs an acoustical medium (12) having a first 

end (18) and a second end (20); 

a first piezoelectric device (14) attached to 
the first end (18) of the acoustical medium 
circuit board (12); 
20 a second piezoelectric device (16) at- 

tached to the second end (20) of the acoustical 
medium (12) and acoustically coupled to the 
first piezoelectric device (14) through the 
acoustical medium (12) and electrically iso- 
25 lated from the first piezoelectric device (14). 

the isolator device having an input/output isola- 
tion that can withstand a voltage of at least 
3750 volts rms. 
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